Abstract.-Confluent, slowly growing primary cultures of chick embryo fibroblasts were stimulated to grow more rapidly by making discontinuities in the monolayers by a "wounding" procedure. Growth was measured by mitotic index and by the fraction of cells synthesizing DNA as determined by autoradiography. Faster growth was confined to free cells at the edges of the discontinuities. Cells enclosed on all sides were not stimulated to renewed DNA synthesis, even when within 0.2 mm of the discontinuities. The time of appearance of increased rate of growth induced by wounding was measured and found to be similar to the time of a transient growth stimulation among enclosed cells induced by a change of medium. The increased rate of growth among free cells was not transient, however, and persisted as long as it was examined. To rule out possible artifacts incurred in wounding, a free edge was created by seeding trypsinized cells as a confluent sheet in a confined area of the tissue culture plate. Here also the growth rate of cells along the edge was much higher than in the confluent areas. It was concluded that interactions at short range between cells in culture can play an important role in regulating their growth.
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Many cells in culture grow rapidly in only a limited range of cell densities. Below 103 cells/cm,2 cells often will not grow unless aided by feeder cells or conditioned medium," 2 whereas above 5 X 104 cells/cm,2 growth becomes slow for other reasons." This paper is concerned primarily with the limiting effects at high density.
Recent analysis of the cessation of growth at high densities has been confined to one cell strain, 3T3, the established line of fibroblasts derived from mouse embryo.6 Under standard conditions of culture, 3T3 cells cease growing at 5 X 104 cells/cm2, a saturation density considerably lower than that encountered with other cell lines or with primary cultures.6 7 The saturation density can be influenced by the nature of the growth medium,7-9 but cessation of growth is probably determined by cell crowding as well, since sparse rapidly growing 3T3 cells and confluent stationary cells can be maintained as closely neighboring populations in the same culture vessel. '7 9-11 This local stimulation of the growth of sparse cells has been used to support the contention that intercellular contact can act in some unknown way to suppress growth of confluent cells. Although other more complicated explanations of the local growth may be possible,'2 the experiments with 3T3 cells have provided the strongest evidence to date for "contact inhibition of cell division."
With the exception of the CHL-1 line, which seems insensitive to cell crowding,'0 other cell lines or primary cultures have not been examined for local 906 growth enhancement of sparse cells compared to confluent cells in the same culture. In order to make a more complete analysis of local growth enhancement in culture and to extend the observations to another cell strain;-this paper describes local stimulation of growth at discontinuities in confluent monolayers in primary cultures from chick embryo. The magnitude of the local growth stimulation and its time of appearance after forming the discontinuities were measured.
Materials and Methods.-Cell culture: Cells from 10-day chick embryos were dispersed as described by Rein Wounding procedure:' 3-and 5-day-old primary cultures were wounded by dislodging two strips of cells 3-5 mm wide from each plate with a rubber spatula. In the case of the 5-day cultures, the medium was changed immediately after wounding. Every 2 hr afterward for several hours, the cultures were examined for local DNA synthesis by autoradiography and for local increases in mitotic index. It should be noted that the wounding caused some cell damage and left cell debris at the edges of the bare strips.
Labeling of nuclei and autoradiography: Thymidine-methyl-3H (6.7 c/ml, New England Nuclear Corp.) was added to cultures at 1 usc/ml and incubated for 2 hr. The specific radioactivity of the thymidine in the medium was not determined. At the end of the labeling period, cells on plates were washed twice with Tris-buffered saline and then fixed on the plate by 5 min treatment in 5% trichloroacetic acid (TCA) at 250C. The plates were washed twice more with 5% TCA, twice with water, and dried. Plates were coated at 450C with Ilford K-5 nuclear emulsion diluted with an equal weight of water and then dried. Coated plates were exposed for 7 In autoradiographs, cells were counted as either labeled or unlabeled. The range of the number of grains per labeled nucleus was wide, perhaps a factor of 1000. About ten grains per nucleus was the lower limit of positive identification.
Cells were counted as mitotic if between and including mid-prophase and telophase.
Resuls.-Growth of primary cultures:4" 15 Fewer than one half of the seeded cells attached to the plates. Attached cells gave mitotic indexes of 5 per cent at one day after seeding, 1 per cent at two days, and 0.5 per cent at three through four days. About 6 per cent of the cells became labeled with tritiated thymidine during a two-hour exposure to the label between the third and fourth days. The density of cells attached to the plate stayed nearly constant at 1.4-1.8 X 105 cells/cm2 after the third day; possibly some cells detached from confluent cultures. Confluent cultures grew slowly, but at no time stopped growing altogether.
Wounding with no change of medium: Several three-day cultures were wounded simultaneously. Cells bordering the wound migrated away from confluent areas at about 20 IA per hour. Cellular migration thus created bands of free cells close to the confluent or enclosed cells. By ten hours after wounding, free cells were found in the free space 0.1-0.3 mm from the original edge of the monolayer.
Free cells became more frequently labeled than enclosed cells, beginning at 6-8 hours after wounding, and remained more frequently labeled for at least 16 hours more (Fig. 1) The mitotic index of free cells increased beginning at 10 hours after wounding, reached 7-8 per cent at 14 hours, and stayed at this level for at least 10 hours more (Fig. 2) . The mitotic index of enclosed cells remained near 0.6 per cent throughout the experiment. Due to the low values, mitotic indices of enclosed cells at short distances from the wound edge could not be determined with precision. The rise in mitotic index followed the rise in frequency of labeled cells by three to five hours, as might be expected if the confluent cells had been arrested in the G1 period of the growth cycle. 16 Wounding with simultaneous change of medium: Several five-day cultures were wounded and immediately the medium was changed. Unlike the results above ( Figs. 1 and 2 ), enclosed cells increased in frequency of DNA synthesis and in mitotic index (Figs. 3 and 4) . With the medium change, the free cells were stimulated even more than without it, and responded more than enclosed cells. The increases occurred slightly earlier than in the free cells shown in Figures 1 and 2 . Again, mitosis followed DNA synthesis by three to five hours. Growth enhancement in enclosed cells disappeared by 28 hours, but free cells continued to grow at an increased rate beyond 40 hours.
Replating in restricted circular areas:13 It was thought that the stimulation from wounding possibly resulted from cell damage. Therefore, a method of creating a free edge without wounding was devised. Cells were trypsinized and replated as droplets in restricted areas in the center of the plates. After the cells adhered, more medium was added. Two precautions were taken to minimize any growth stimulation the cells may have received in the transfer procedure. First, the cells were seeded at a high density, which resulted in 3 X 105 cells/cm2 adhering to the plate, to re-establish confluence rapidly after trypsinization. Second, the cells were replated in medium taken from cultures of slowly growing confluent cells (Methods and Materials). The results shown in Figures 5 and 6 are qualitatively similar to Figures 1 and 2 . The times of response were somewhat slower, however, possibly because of the time required for recovery from trypsinization, or because of the use of a different medium. Brief dispersal of confluent cells was not sufficient to stimulate growth if replated as described here. Free cells around the periphery of the circular monolayer were stimulated, nevertheless, and the partially depleted medium supported their growth for more than 30 hours after replating. It is likely that the local stimulation observed in the wounding experiment was not induced by cell injury but rather that it resulted from local reduction in cell density. Discussion.-Cells were arranged to grow in confluent monolayers containing free edges. This was done by wounding a confluent monolayer or by trypsinizing confluent cells and reseeding them in a confluent circle bounded by a free edge. After wounding or reseeding, the once-confluent cells at the free edge migrated onto the bare surface and became "free" cells, not completely enclosed by their neighbors. Free and enclosed cells shared a common medium in this arrangement, and were observed to be separated from each other by a short distance, typically 0.5 mm.
The growth rates of free and enclosed cells began to differ considerably after a lag following the formation of the free edge. In a partially depleted or conditioned medium, enclosed cells were not stimulated by the formation of the free edge, whereas free cells were stimulated. The fraction of free cells synthesizing DNA at any one time became three to ten times that of enclosed cells, and the mitotic index of free cells became at least ten times that of enclosed cells. Under these conditions of culture, the growth rate appeared to be regulated by interactions between cells at short range. A wounding experiment was repeated with a simultaneous change of medium to fresh medium. Here, enclosed cells were stimulated to renewed growth for a short time; free cells were stimulated even more and remained growing faster as long as observed. Thus the nature of the medium played other but not exclusive roles in the regulation of growth at high densities.
The nature of the interaction between cells that regulates growth at high density still remains unclear. Intercellular contact seems likely to be involved. It 
